Hypoxia mediated expression of stem cell markers in VHL-associated hemangioblastomas.
Hemangioblastomas of the retina, central nervous system, and kidney are observed in patients with mutations in the von Hippel-Lindau (VHL) tumor suppressor gene. Mutations in the VHL lead to constitutive activation of hypoxia-inducible-factor (HIF) pathway. HIF-mediated expression of pro-angiogenic genes causes extensive pathological neovascularization in hemangioblastomas. A number of studies have shown coexistence of pro-angiogenic and stem cell markers in 'tumorlet-like stromal cells' in the retinal and optic nerve hemangioblastomas, leading to suggestions that hemangioblastomas originate from developmentally arrested stem cells or embryonic progenitors. Since recent studies have shown that the HIF pathway also plays a role in the maintenance/de-differentiation of normal and cancerous stem cells, we evaluated the role of the HIF pathway in the expression of stem cell markers in VHL-/- renal cell carcinoma cells under normoxia or VHL+/+ retinal pigment epithelial cells under hypoxia. Here we show that the expression of stem cell markers in hemangioblastomas is due to activation of the HIF pathway. Further, we show that honokiol, digoxin, and doxorubicin, three recently identified HIF inhibitors from natural sources, blocks the expression of stem cell markers. Our results show the mechanism for the cytological origin of neoplastic stromal cells in hemangioblastomas, and suggest that inhibition of the HIF pathway is an attractive strategy for the treatment of hemangioblastomas.